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Introduction
Physical activity is significantly reduced in patients on hemodialysis, regardless of age, and is low even when compared to age-matched sedentary populations [1] .
In the clinical setting of End-Stage Renal Disease (ESRD) low levels of physical activity may significantly contribute both to frailty/disability, by reducing physical performance, and to protein energy wasting, by favouring skeletal muscle atrophy [2] . Moreover, impaired mobility and reduced physical function have been demonstrated to set the stage for further increases of an already high cardiovascular mortality risk [3] [4] .
Few data are currently available on factors contributing to a sedentary lifestyle in patients on chronic hemodialysis. As documented in two recent studies from the US [5] and China [6] , it is likely that a complex mix of disease-and patient-specific reasons (socioeconomical, psychological, cultural, and clinical) play a key role in determining physical inactivity. Moreover, also health personnel (dialysis doctors and nurses) attitudes could significantly contribute to sedentarism in dialysis patients, since low levels of exercise counseling have been documented among nephrologists [7] .
No data are currently available on this topic in European dialysis patient populations. Thus, the present single-center pilot study was aimed at exploring barriers to physical activity in a cohort of patients from an Italian dialysis facility.
Patients and Methods
After providing informed consent, all adult subjects on routine hemodialysis for at least 6 months at the National Health System Chronic Dialysis Facility of Parma (Nefrologia e Dialisi, Azienda Sanitaria Parma, Italy) were recruited. The study was approved by the Institutional Review Board of Parma. Demographic data, routine laboratory parameters, comorbidities and data on dialysis treatment and vascular access were extracted from the electronic records. Total comorbidity burden was evaluated by the Charlson index, and the general performance status was summarized by the Karnofski score.
Questionnaires administered to the patients during the dialysis session, and to dialysis doctors and nurses covered the areas of interest for the study purpose. Questionnaires for the patients were related to levels of mobility/autonomy and physical functioning, self-reported physical activity, quality of life, and perceived barriers to physical activity. In particular, the level of self-reported physical functioning/ autonomy was evaluated by the Katz Independence in daily living questionnaire (ADL, Activities of Daily Living questionnaire), a self-reported test on mobility and performance based on 18 items describing different levels of autonomy in physical activity related to participation in life activities [8] .
The level of physical activity was derived from the 94-item Human Activity Profile (HAP) [9] , which includes the assessment of activities across a wide range of energy requirements. On the HAP, activity items are ranked based on their estimated energy expenditure, from the lowest to the highest. For example, getting in and out of chairs or bed without assistance (item 10), is the activity requiring the least energy expenditure; while running or jogging 3 miles in < 30 minutes (item 89), is the activity requiring the greatest energy expenditure. For each item, the respondent indicates whether he or she is still doing, has stopped doing, or never did the activity in question. The HAP items were used to derive the MAS (Maximum Activity Score) and the AAS (Adjusted Activity Score). The MAS is the highest oxygen-demanding activity (highest item number) that the respondent is able to perform. The AAS is obtained by subtracting from the MAS the total number of activities the respondent has stopped doing that have numbers lower than the MAS of that patient. The AAS is considered as a measure of usual physical activity level. MAS and AAS score results were compared to established normative data by age and gender [9] .
Patient-related barriers to physical activity were evaluated on the basis of the questionnaire by Delgado & Johansen [5] , which includes questions related to different categories of disease-and patientspecific barriers to physical activity: psychological barriers, physical barriers, economical barriers, lack of time and comorbidities. Participants were classified as having endorsed a barrier if they reported that they 'sometimes', 'often' or 'always' experienced that barrier; participants who reported that they 'never' experienced a barrier were classified as not endorsing that barrier.
A slight modification of the Johansen's questionnaire on personal attitude to physical activity counseling [7] was used for nephrologists and dialysis nurses. The applied questionnaire consisted of 17 questions (13 in the case of nurses) regarding dialysis personnel opinions and practices related to exercise counseling, such as for example: "How often do you assess patients' physical activity levels?" "Do you advise sedentary patients to increase activity?" "Do you provide patients with a specific exercise prescription?" "Do you offer written information about physical activity to patients?" "Do you refer patients to physical activity specialists?" "Does your facility provide exercise equipment for use in the dialysis unit?" Doctors and nurses were also asked to indicate their level of agreement or disagreement with a number of statements related to potential barriers to exercise counseling.
Statistical analysis
Descriptive statistics is given as Mean and standard deviation (SD) or median with 25-75th percentile for continuous variables according to their normal or non-normal distribution, respectively; frequencies (percentage) are presented for categorical variables. The level of physical activity was categorized according to the AAS (< 53 sedentary, 53-74 moderately active, >74 active); subsequently, the degree of physical activity was dichotomized (i.e., inactive vs active) by grouping together moderately active and active patients. The association between the degree of, and each perceived barrier to, physical activity was tested by chi-square and univariate logistic regression. Barriers selected as being significantly associated with the degree of physical activity at univariate analysis were entered in a multivariable logistic stepwise regression model to investigate which barriers were associated independently with physical inactivity after adjustment for age and sex. A two-tailed P value of less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS v.21.
Results
Demographic and clinical characteristics
One-hundred four patients participated in the study. Most of them (67 patients, 65%) were males, mean age was 69 years, with 79% of patients being older than 60 years. Only 27 patients (26%) had a high education level. Median dialysis vintage was 60 months (range 8-440); most of the patients were dialyzed through an arterovenous fistula, thrice weekly; 84 patients (81%) had hemoglobin levels < 12 g/dL, and half of the population (47/104, 45%) had high serum C-reactive protein levels. Ischemic heart disease (36%) and diabetes mellitus (31%) were the most frequent chronic comorbidities; mean Charlson score was 7.3, mean ADL score was 5.5.
Physical activity levels
On the basis of the MAS and AAS components of the Human Activity Profile ESRD patients were very sedentary (Table 1) . Both MAS and AAS values were significantly decreased compared with reference healthy subjects: even taking into account the high mean age of dialysis patients, MAS and AAS values were below the 25° / 5° percentile of the normative healthy population in 40% / 30% and in 80% / 66% of our patients, respectively. On the basis of AAS, more than half of the patients (54/104, 52%) could be classified as inactive, 30% (31/104) as moderately active, and only 19 (18%) could be defined as active (Table 1) .
Barriers to physical activity
Only 4 patients (3.8%) reported no barriers at all. The prevalence of specific barriers to physical activity among patients is illustrated in Table 2 . Three percent had one barrier, 34% 2-4 barriers, 47% 5-9 barriers; 17 patients (16%) indicated more than 10 barriers. The most frequently reported barriers were represented by fatigue in dialysis days (56.7%), perception of too many medical problems (54.8%), sadness (50%), lack of motivation (42.3%) and lack of time on dialysis days (32.7). Inactive subjects showed a higher prevalence of barriers for at least six of the barriers explored; at univariate analysis, barriers associated with inactivity Attitude to physical activity and exercise counseling among nephrologists and dialysis nurses Data on physical activity and exercise counseling rates among nephrologists and dialysis nurses are shown in Table 3 .
Answers suggest that doctors and nurse are well aware of the risks associated with sedentarism in dialysis patients, and that they agree on the positive effects of physical activity. However, difficulties in increasing physical activity in dialysis patients are perceived, and are mainly attributed to the low compliance/interest by the patients toward exercise, as well as to the lack of time for exercise counseling by doctors and nurses.
Discussion
In the present single-center pilot study we evaluated the possible role of patient-and health personnel-related barriers in reducing the level of physical activity in a ESRD patient cohort on chronic dialysis in Italy.
Our results suggest that both types of barriers could play an important role in the pathogenesis of sedentarism typically observed in this clinical setting.
Available data from other countries, such as US, have documented that dialysis patients represent an highly inactive population [1] , and that inactivity is associated with poor outcomes [4] . In the same patients many different clinical, social and psychological barriers to physical activity frequently coexist; in particular, lack of motivation, disease burden perception, and shortening of available time for exercise in dialysis days due to waiting times, treatment itself, and logistic problems, were among the most commonly indicated barriers [5] [6] . Moreover, a low frequency of physical activity assessment and low rate of exercise counseling by nephrologists has been also reported [7] . This latter attitude is surprising since, in the specific setting of ESRD, patients are usually seen thrice weekly by nephrologists and dialysis nurses, who often represent the main or the primary health provider for long period of times, and health personnel seems to be well aware of the importance of physical activity.
More than half of the patients enrolled in our study could be defined totally inactive, a finding similar to that obtained in US dialysis facilities [1] ; many patients were only moderately active and only a minority was active. In our single-center population of Italian dialysis patients barriers to physical activity were also frequently observed. In fact, at least one barrier was reported in 96.1% of patients, with only 3% of patients perceiving only one barrier and almost 50% having 5-9 barriers. Fatigue on dialysis days, perception of too many medical problems and sadness were reported by more than half of the patients; lack of motivation (42.3%) and lack of time in dialysis days (32.7%) were also common complaints. However, only perception of having too many medical problems, chest pain and sadness were independently associated with inactivity at multivariable analysis.
Besides their number, at least in part related to age, both the different characteristics of the barriers to physical activity and the diversity of the national health systems complicate the approach to overcome those barriers. For example, at least in theory, in Italy a free and widely covering national health system should facilitate the solving of some social and economic problems. However, as observed in this study, a number of important barriers cannot be considered strictly clinical or economic barriers and cannot be removed easily within the dialysis unit context, for example through the optimization of medical therapy and/ or dialysis schedule. Psychological barriers (for example motivation) or logistical barriers (availability of places to exercise, tutoring availability, etc) would require the involvement of other specific expert professionals, ideally working together with the dialysis team. Finally, some barriers to physical activity are likely to derive from attitudes and opinions of dialysis doctors and nurses. ESRD patients on dialysis typically develop a strong and long-lasting trust relationship with nephrologists and dialysis nurses. Consequently, as dialysis facility personnel usually represent the most important medical reference point, if nephrologists and nurses do not advise about physical activity, it is unlikely that patients will receive such counseling by other professionals. Available data suggest that exercise counseling rate is low among nephrologist, nothwithstanding the widespread awareness about both the high cardiovascular risk of these patients and the positive effects of physical activity. Lack of time, feeling non-confident in skills about exercise counseling, the belief that most dialysis patients would not increase physical activity even if advised to do so, and the opinion that dialysis patients are scarcely interested in the topic of physical activity and would hardly modify their level of physical activity are the most frequently reported barriers in the literature studies [7] . Also, our data highlight some controversial issues about attitudes of health personnel in dialysis units toward patients' physical activity. In fact, while nephrologists and nurses are fairly convinced of the risks associated with sedentarism in ESRD patients, and of the advantages of physical activity, they still believe that increasing physical activity in ESRD patients is exceedingly difficult. This belief is based mainly on a low compliance/interest to exercise by the patients, but also on a lack of time of doctors and nurses for counseling.
Conclusion
Physical activity level is low in ESRD patients on dialysis. Many coexisting factors are likely to concur in decreasing physical activity. Among them, different type of barriers are frequently present, either patient-specific but also related to attitudes and beliefs of doctors and nurses on exercise in ESRD patient. Addressing these issues may help in increasing the levels of physical activity in this population.
